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phatidyl compounds in non-toxic concentrations. More specifically, the invention relates to aqueous fluorochemical emulsions afT 
a fluorochemical and an emulsifier useful as oxygen delivery agents and methods of preserving tissue in investigational and dimV 
cal settings, particularly those settings involving in in vivo transf usion, cardiac and other organ preservation, and in vitro organ* 
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BACKGROUND OF THE INVENTION 
1. Field of the Invention. 

The present invention relates to f luorochemical blood 
substitutes used for preserving mammalian tissue having 
10 lysophosphatidyl compounds in non-toxic concentrations. More 
specifically, the invention relates to aqueous f luorochemical 
emulsions of a f luorochemical and an emulsif ier useful as 
oxygen delivery agents and methods of preserving cardiac tissue 
in investigational and clinical settings, particularly those 
15 settings involving in vivo transfusion, cardiac and other organ 
preservation, and in vitro organ perfusion. 

The need for clinically safe and effective oxygen- 
carrying media for use as red cell substitutes ("blood 
substitutes 11 or "artificial blood") is undisputed. Some of the 
2 0 potential uses for such media include (a) support of organs in 
vitro prior to transplantation or in vivo during surgery, (b) 
support of organs or whole animals during experimental 
investigations, (c) enhancing oxygen delivery to ischemic 
organs in vivo, (d) enhancing oxygen delivery in poorly 
25 vascularized tumors to increase the efficacy of radiation 

therapy, (e) general transfusion uses, during both routine and 
emergency situations, (f) diagnostic imaging, and (g) culturing 
cells. 

Blood substitute research is currently focused on 
30 hemoglobin-based preparations and f luorochemical emulsions. 

Fluorochemical emulsions are believed to have major advantages 
over hemoglobin-based red cell substitutes. Problems 
. associated with hemoglobin preparations include a limited 
supply of starting material, lack of biological purity, limited 
35 ability to deliver oxygen in the presence of erythrocytes, 

jiephrotoxicity , short biological retention times, uncertainty 
regarding the presence of infectious agents, the large amount 
of potentially free iron that could propagate oxygen free 
radicai reactions, the presence of unidentified vasoconstrictor 
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contaminants, and hemoglobin inhibition of endothelial derived 
relaxing factor (EDRF) - mediated vasodilation. 

in comparison, f luorochemical emulsions are 
chemically synthesized, can. be made biocompatible, and are free 
5 of infectious agents. They dissolve oxygen in direct 
proportion to inspired oxygen fraction (Fi0 2 ) thereby 
proportion tf . . piuorochemical emulsions of 

increasing plasma oxygen capacity. Fiuorocnemx 
several compositions have been shown to deliver oxygen 
emotively in a variety of settings. A common -Isifying 
10 aaent is phospholipid from natural sources such as egg yolk. 

Hs been determined that the phospholipids of the prior art 
Lorochemical emulsions contain lysophosphatidyl compounds n 
t oxic concentrations. The removal of these compounds greatly 
enhances the preservation ability of the emulsions and their 
15 biological compatibility. 
2. information Disclosure. 

schweighardt, U.S. Patent Nos. 4,895,876 ana 
4,866,096, describe stable aqueous emulsions of a 
p^fluorochemical, a phospholipid, and a triglyceride^ fatty 
20 acids Which has enhanced stability, diminished V™**™ 
and heightened tolerance by biological systems. The patent 
claims to provide an advance over prior art artificial blood 
med'to provide decreased particle size, increased stability 
longer shelf life for an oxygen transport media useful in 

" mMI " alS " The phy siological impact of lysophospholipids has 

been studied. Fink K.L., and Gross, R.w. ,1984 "•«■"•»•* 
canine myocardial sarcolemmal membrane ™ lt 

compounds, circulation Research 55:585-594, 1984; Corr, P-B. et 

30 If 1984 Amphipathic metabolites and membrane dysfunction m 
Islamic Myocardium, circulation search, 55=135-154 and Han. 
X. and Gross, *.«.. 1991. Modulation of cardiac 
fluidity by amphiphilic compounds and their role in the 
pa^oPhystolow of myocardial infarction, Oru, and Anesthetic 

35 rScrs on «emLne Structure and function, Aloia. Curtain and 
Gordon (Eds) K* Wiley-Liss. at pages 225-243. 

The only f luorochemical emulsion acceptable for 
clinical use at this time is Fluosol-Da which is described in 
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Blood Substitutes and Plasma Expanders, Eds. Jamieson and 
Greenwalt, A.R. Liss Co., 1978, pages 1-26 (see page 13, Table 
VI) and in Cleman, M. et al. Prevention of ischemia during 
percutaneous transluminal coronary angioplasty by transcatheter 
infusion of oxygenated Fluosol DA 20%, Circulation, 74(3): 555- 
562, 1986. 



SUMMARY OF THE INVENTION 
This invention provides for aqueous emulsions of a 
10 fluorochemical and a phospholipid emulsifier and methods of 
using such emulsions as oxygen delivery agents. The emulsions 
provide improved preservation of mammalian organs and tissues 
over prior art fluorochemical emulsions. The fluorochemical 
emulsion of the present invention comprises (a) a 
15 fluorochemical; and (b) about 0.5 to about 10 percent by 
weight/volume of a biologically compatible phospholipid 
emulsifier, the phospholipid emulsifier wherein no greater than 
about 5 mole percent of the phospholipid consists of 
lysophosphatidyl compounds. Surprisingly, keeping the amount 
20 of lysophosphatidyl compounds below about 5 mole percent yields 
greater organ (e.g., cardiac) function than over prior art 
emulsions, when the preservation solutions are otherwise equal 
in composition. 

More specifically, this invention provides for 
25 aqueous emulsions of a fluorochemical and an emulsifier 

producing improved preservation of mammalian organs and tissue, 
the emulsion comprising: (a) a fluorochemical and (b) greater 
than about 0.5 weight/volume percent of a biologically 
compatible phospholipid emulsifier wherein less than about 5 
3 0 mole percent of the phospholipid therein consists of 

lysophosphatidyl compounds. By 0.5 weight/ vol percent, it is 
meant that the total weight of the phospholipid is 0.5 grams 
per 100 milliliters of emulsion including the fluorochemical. 
It is preferred that the total percent of phospholipid be 
35 between about 0.5 and 7 percent weight to volume. This 

invention further provides for emulsions of the above type 
where the percent biologically compatible phospholipid is below 
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0.5% and the emulsion is without Plutonic F-68™ type 

SUrfaCtant pre£arr ed f luorochemicals are selected from the group 
consisting of perf luorohydrocarbons and nonpertluorohydro-^ 
carbons. Especially preferred f luorochemicals are selected 
r^the group consisting of: f luoroperhydrophenanthrenes 
hiving fro- about 1 to about 24 fluorine atoms; perfluoro- 
S, perfluoromethyldecalin; perf luorotrialKyla-mes; 
perfluoroctylbromide; perfluoromethyladamatane and 

P " flUOr0 TIf ^r^red that the emulsifier contains 
Xess than about three and -ore preferably less than about two 

percent lysophosphatidyl compounds, zero sole percent 
lysophosphatidyl compounds is most preferred. 

Fluorochemical emulsions in accordance with the 
' present invention preferably have a perf luorochemical average 
particle diameter of not more than about 0.4 microns and. 
preferably have a diameter ranging from about COS to less than 

ab out 0.1^-- ions of ^ inventien optionaUy delude an 
agueous crystalloid solution and/or various oncotic agents. 

The emulsions of this invention are useful for 
preserving a variety of mammalian organs and tissues and are 
particularly useful for preserving hearts and cardiac tissue. 
s This invention further provides for methods of 

preserving mammalian tissue using f luorochemical emulsions 
ce^ lTd above. These methods include both in situ situations 
where the organ or tissues remain in the host mammal and in 
vitro methods where organs and tissue, are removed from the 
0 host mammal as in transplant operations. 

Further improvements, advantages, embodiments and 
aspects of the invsntion will become apparent from the 
description which follows. 



WO 
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DETAILED DESCRIPTION 

1. Definitions. 

The following list of definitions is provided to 
identify to those skilled in the art the precise meaning of the 
5 terms. 

••Biologically Compatible- - This phrase is meant to 
include f luorochemical emulsions suitable for clinical 
applications because of their non-toxic nature. Such emulsions 
are free of cytotoxic components which can be present in the 
10 Pluronic F-68™ emulsifier used in Fluosol-DA and Fluosol-43. 
(Pluronic F-68™ is a polyoxypropylene polyoxyethylene block 
polymer as described in Federation Proceedings, 34: 1449-1453, 
1975.) Although not required, emulsions suitable for in situ 
or in vivo use preferably have a short biological retention 
15 time (half life on the order of 5 to 75 days). Emulsions with 
longer retention times may be washed out of tissue. 

•'Cardiac function" - This phrase refers to the stroke 
work measurement taken at an appropriate heart rate. See 
Boyle, w.A. and Segel, L. D. Circulation Research 66:710-721, 
20 1990. 

"Cardiac tissue" - As used herein, this term is meant 
to include both whole hearts and cardiac tissue, and is meant 
to include cardiac tissue from various mammalian species 
ranging from rat, rabbit, and dog, to human tissue. 
25 "Crystalloid solution" - As used herein the term 

includes the leading commercial electrolyte solutions, such as 
Krebs-Henseleit, Burt's, Wicomb's, Bretschneider-HTK, Euro- 
Collins, St. Thomas IT, NIH I, Collins, U.W. solution, 
Stanford, UCLA/Buckberg solution, and modified versions of the 
30 these. The solutions generally have inorganic salts including 
sodium chloride (NaCl) , potassium chloride (KC1) , calcium 
chloride (CaCl 2 ) , magnesium chloride (MgCl 2 ), potassium 
phosphate (KH 2 P0 4 ), and sodium bicarbonate (NaHC0 3 ) . The 
concentrations of the components vary depending on the specific 
35 use. For example, in cases where the hypothermic preservation 
of the heart is desired, the potassium and magnesium 
concentrations are generally kept at a value effective to 
arrest the heart chemically, while the calcium concentration is 
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wt at a concentration effective to prevent reperfusion tissue 

.„,.., tnat emulsifies, especially a suria 
canine, as a ^ forMt i=r, and stabilization of an 

active agent promoting the form invention, a 

emulsion. In the emulsions of the P«""' iM1 iscible 
fllM roehe^cal i. ^"V 1 * riiT^»t Crade water 
liguid (typically water e ^;' a ^ os ° crvstall oid solution. 
(Millipore or -^valent, or agueou ry ^ ^ ^ 

. F l„cro=hemi=al This i g^ typically 
f luorinated hydrocarbon and nonhydrocaroo 
fluorinateo y The vario us commercial and 

US ed as oxyge, | now used inclu de the 

experimental f luorochemica ,„, 0 rotripropylamines, 
fluorobutylamines. - term 

S=SSST^ meant' to include both perf luoronated and 

no nperfluoronated ""^^^J^TS-l-. (a, 
a^nrrpe:loro ( al T cycloa r es, . 

perfluorodecalin. P-*^^ r^ophenenthrene ; 

(c) Perfluoro(tert-amines) and Perf luor C ^.^ ^ 

Additionally, =7°^/::: :Lful P Examples of acceptable 
other perf luorochem cals are ^ ^ ^ 

perf luorochemxcals are ^scrxb lncotporat ed herein by 

and 4,895,876, (column 3) which are in rp 

reference. describe the group of 

" LiPW " "lien aTsoluble in hydrocarbons and 
nat ural substances * * « vaxes> phoS phoglycerides 

insoluble in water, it inci 

and natural hydrocarbons. herein, the 

.. L ysophosphatidyl compounds As u 

term means those phospho l^s -^n^es 
off the number 2 carbon atom- The term 
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lysophosphatidylcholine (LPC) , lysophosphatidylethanolamine 
(LPE) . 

"Metabolic Substrates" - This term is meant to 
include the usual substrates used to enhance the biological 
5 compatibility of crystalloid solutions. Examples are natural 
and synthetic monosaccharides such as glucose, pyruvate, amino 
acids, and citric acid cycle intermediates. Such substrates 
often serve as sources of energy for cells. 

"Oncotic Agent" - This term refers to proteinaceous 
10 and non-proteinaceous compounds which are high molecular weight 
substances that maintain osmotic pressure over and above that 
provided by crystalloid solutions. Examples include albumin 
and hydroxyethyl starch. 

"Perfusion" - As used herein, the term means to 
15 artificially force a fluid through an organ or tissue by way of 
blood vessels, typically using an external pump or hydrostatic 
pressure. 

"Pharmaceuticals" r- This term refers to chemical 
compounds used to enhance the biological compatibility of 

20 crystalloid solutions with a mammal (i.e., human patient), or 
to compounds that have a specific physiological, biochemical, 
or medical effect. Examples include various anesthetics such 
as lidocaine (reduces Na + conductance) , anti-coagulants such as 
heparin sodium, antibiotics such as tetracycline, pH buffers 

25 such as sodium citrate, and sequestering agents such as 
disodium EDTA. 

"Phospholipid" - Also referred to as 
phosphoglycerides, are biomqlecules which occur widely in 
plants and animals. Phospholipids have long, nonpolar "tails" 

30 and a small, highly polar "head." In aqueous solution, they 
disperse to form micelles in the same way soaps do. The 
nonpolar tails close together in the middle of the micelle, 
leaving the polar heads exposed to aqueous environment. 
Phospholipids also form bilayers. The natural phospholipids 

35 consist primarily of phosphatidylcholine (PC; also known as 
lecithin) and phosphatidylethanolamine (PE) , with lesser 
amounts of other phospholipids such as sphingomyelin, 
lysophosphatidylcholine , lysophosphatidylethanolamine , 
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-. For purposes of this document, the 

phosphatidylinosxtol, etc. For purp 

term "phospholipid component" shall xnclude the 
lysophOS ph^ used herein this term means to 

keep fr om --P--^ ^ to _ fiuorochemicai 

above f-ezing.^ _ ^ ^ ^ ^ ^ manmalian 
serial which is living. It includes hoth individual cells, 
parts of organs and intact organs. 

2 Aaueous. emulsions. . ■ _ 

The emulsions of this invention hev. two basic 
• aientT They ere: (a) a phospholipid emulsifier having a 
^phosphatidyl -tent of less than S mole percent o f the 

_ ^j^-j^sns^- — - 

in the compositions and methods of the present invention 
contain a phospholipid having no greater than about 5 mole 
Teroent l/sophosphatidyl compounds. ChicXen egg yo£ is 
readily available and is of use in the invention. The 
^oohosphatidyl compounds typically found in egg yolk 
lysophosphatiayx f typically comprises 

, phospholipids are ^= ^ rMp . ctlv . ly . 

73 end 15 percent o^a <^J ^ ^ phospho lipids 

action Ansell, G.B. and Hawthorne J.M. "sevier 

T-ann-m 19t).) Fresh eggs may comprise 
0 T^^^,lsoJc. (See U.S. column S. 

lines • ^ ^ ^ ^ ^ lysophosphatidy i 

, •„ fluorochemical emulsion are increased above 

compounds xn the fluorocn _ sign if icantly reduced 

5 the stated percentages, whole hearts nav g 

or no cardiac function after preservatxon wxth the 
or no caraxa volume percentage of 

fluorochemical emulsxon. As tne voxu y>. 
lysophosphatidyi compounds decreases from about 5 molar 
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percent, the cardiac function, contractile and output 
performance improve significantly. 

The purified phospholipids used herein are generally 
derived from natural sources. They are typically known as 
5 lecithin or monoaminomonophosphatide compounds and preferably 
the fatty acid disubstituted glycerides having choline or 
ethanolamine esters of phosphoric acid at the third carbon. 
For example see U.S. Pat. No. 4,866,096 column 4, line 47 
through column 5, line 5. Neutral triglycerides may be 
10 optionally included in the stable formulation. 

The starting material for preparation of the 
biologically compatible phospholipid emulsifiers suitable for 
use in the f luorochemical emulsions of the present invention 
are typically biological materials such as egg yolk and 
15 soybean. The starting material can be washed or extracted by a 
number of known methods to remove extraneous substances such as 
proteins, which comprise for example approximately one-third of 
the dry weight of chicken egg yolk. 

The lipid portion of a yolk or seed consists 
primarily of neutral lipids, phospholipids and sterols. These 
lipids are extracted using one of various known methods, such 
as chloroform/methanol. Purification of phospholipid 
components as a class or as individual components is 
accomplished by chromatography on an absorbent such as alumina 
or silica gel as described in Lipid Biochemical Preparations, 
Ed. Bergelson L.D. Elsevier North Hoi land: Amsterdam (1980) and 
Singh A., Journal of Lipid Research, Vol. 31, pp. 1522-1525 
(1990) and JP 62,059,287 or by multiple extraction and washing 
procedures such as those described by Tremblay, et al. f u.s. 
30 Patent No. 4,714,571. The phospholipid classes are typically 
separated using a two-dimensional thin layer chromatography, 
and the individual classes quantified using a 

spectrophotometry assay for phosphorus after elution and acid 
digestion of the separated lipids. 

To monitor the purification progress, one can use 
micro- thin layer chromatography or thin layer chromatography as 
described by R. C. Aloia and W. Mlekusch (Techniques of 
Quantitative Analysis of Organ and Membrane Phospholipids and 
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, 1-23 1988. Methods for Studying Membrane 

emulsif ier in accordance ^J^Z^^** 
pro ducin g proved defined above. The 

include one or more of the f luoro ^ ^ 

The preferre luoroperhy drophenanthrene . 

perfusion or prese , t ^. c , o 2 contents of 

Bl 2 o 2 /dl. whereas 10 percent vol/vol 4> „ Bl 

perfLoroperhydrophenanthrene contain. ^ ^ ^ ^ 

20 o 2 /dl (i.e. 2.10 ml 0 2 in the > ^ w with the 

flu orochemical phase) - PartlCUl "^° have been ob tainea with 
isolated organ preservation experiments have 
perfluoroperhydrophenanthrene f luorochemical „ the 

. T 4=Ssen^veniSn^^ 
emulsions of the present a. .- ot .. b lv from about 35 to 

^^^^^ P f " Leal emulsion. 

^ 45 ^iltr ^hle Phospholipid emulsif iers 
g enerally comprise from ahout 0.5 to ^'percent 
^-/volume, Chemical emulsion. 

STSTJU-T^ - - eid emulsification. lower 

counts of ^^f^TsTTo. fluorochemical particles 

The average particle s« MUlsi fier ranges 

produced hy using these mcT preferahly ranging 

7Z ".IS microns. Particle sis. is 
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advantageously measured by sedimentation field flow 

fractionation to confirm the particle size. 

The stable aqueous f luorochemical emulsions of the 

present invention will further comprise an aqueous crystalloid 
5 solution. These solutions are available from commercial 

sources or are easily prepared and have been widely published. 

Preferred concentrations of inorganic salts for organ 

preservation by this method are indicated in Table 1. Optional 

ingredients are also listed in Table l. Unless otherwise 
0 stated, the concentrations are in millimolar amounts. 



Table 1: Crystalloid Solutions 



15 



20 



25 



30 



35 



Ingredient 

Electrolytes 

NaCl 

KC1 

CaCl 2 

MgCl 2 

KH 2 P0 4 

NaHC0 3 

Optional Ingredients 
Metabolic substrates 

Glucose 

Pyruvate 
Mannitol 
Pharmaceuticals 

Lidocaine 

heparin sodium 
Oncotic Agents 

Albumin 

(or hydroxy - 
. ethyl starch) 



Broad Range 

100 - 150 mM* 
5-20 
0.5 - 3.0 
3.0 - 10 
0.5 - 3.0 
0-25 



5 - 300 
5 - 100 
50 - 100 

0.1 - 0,5 
50 - 150 U/l 

0.2 - 5.0 wt 



Preferred Range 

120 - 130 mM 
10 - 20 
0.7 - 1.0 
5.0 - 10 
1.0 - 3.0 
20 - 25 



5-10 
5-20 
60 - 90 



0.1 
100 



0.3 

120 U/l 



0.5 - 0.8 wt % 



* millimolar 



40 



45 



Crystalloid solutions for use in the emulsion are 
described in J. Thorac. Cardiovasc. Surg., 92:238-246 (1986) 
and in J. Surg. Res., 40:276-284 (1986); J. Heart Transplant, 
7:456-467 (1988) and Sukehiro, S. et al. Proc. 3rd World Congr. 
Open Heart Techn., 1989 

Crystalloid salts are commercially available in the 
electrolyte form from Sigma Chemical Co. of St. Louis, MO and 
Fisher Scientific of Springfield, NJ. The Na+, K+, Ca2+, and 
Mg2+ concentrations of the f luorochemical emulsions are 
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measured by flame photometry to confirm that dilution factors 

are correct. , . ^ 

The stable aqueous f luorochemical emulsions of the 

present invention can further include antioxidants such as 
5 vitamin E and ascorbic acid. 

The emulsions of this invention preferably have a 
viscosity of from about 1.5 to about 17 centipoise and most 
preferably a viscosity of 1.7 to 2.3 centipoise when measured 
at 11- using a Cannon-Fenske capillary viscometer (relative to 

10 water) . Viscosity can be measured using a variety of well 

" known methods. Other apparatus include a Wells-Brookf ield cone 
and plate viscometer at a high shear rate (greater than 100 
sec-*) . When measured at 37-C, the preferred viscosity range 
is about 1 to about 10 centipoise. 

15 ~ Densities are typically measured gravimetrically . 

Preferred emulsions have densities which range from about 1.1 
grams/ml to about 1.5 grams/ml. Optimum densities are 
determined empirically using routine methods and are dependent 
upon on the tissue being preserved and the components of the 

20 emulsions. General P H ranges are from 6.5 to 8.5. Nontoxic 

buffering agents, such as THAM (tromethamine - Abbott Lab.) may 
be used. 

3 preparation of the emulsion. 

It is preferred that the emulsions be stable. The 

25 production of the emulsions involves a multistep procedure 
which includes the following steps: 

(1) The preparation of the aqueous ■ f luorochemical 
emulsions of the present inventions generally comprises first 
mixing the f luorochemical and emulsifier to form a first 
30 fluorochemical emulsion, typically using microf luidization 

methods such as those described by Schweighardt , et al. , U.S. 
Patent No. 4,895,876, incorporated herein by reference in its 
entirety. In brief, the process consists of: 

(a) sterilizing a microf luidization apparatus 
35 (Microf luidics, Waltham, MA) with alcohol (ethanol) by passing 
250 ml of a 75 vol% alcohol/water solution through the system 
for about 10 minutes at 10,000 psi back pressure. All 
components that are removable are steam sterilized at about 120 
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•C for 15 minutes in an autoclave. All water, fluorochemical 
and associated glassware are steam sterilized; 

(b) combining the f luorochemical and phospholipid 
emulsifier in the microf luidizer. The phospholipid (itself in 
5 an emulsion form) is circulated for five minutes as the 

pressure is increased from 0 to 14,500 psi. when the pressure 
remains constant for 30 seconds, one-half of the 
perfluorochemical volume is added at a rate of 4-5 ml/minute. 
The resulting partial emulsion is removed from the unit and 
10 cooled to 4«C. Processing of the emulsion causes an increase 
in temperature of 20»-30« c. The temperature must be 
controlled to cause a stable system to result at high 
perfluorochemical loadings (>40 wt/vol %) and to avoid 
denaturing of the emulsifier. At all times the reaction zone, 
15 transfer lines and filters are kept at 4° C. with ice/water 
slush. After the partial emulsion is cooled to 4° c. , 
processing is continued. The remaining 50 volume percent of 
the perfluorochemical is added at a rate of 6-8 ml/minute with 
the back pressure at 14,500 psi. When the last volume of 
perfluorochemical is added, the total emulsion is processed for 
an additional five minutes. At the stated conditions, the 
nominal 100 ml volume is processed eight times per minute for a 
total of 70-80 passes through the Microf luidizer apparatus 
reaction zone. At all times the fluid being processed is kept 
25 below 35°C, preferably below 20°C. 

(2) The fluorochemical emulsion can, when needed, either 
be combined with aqueous electrolyte solutions and metabolic 
substrates, oncotic agents, pharmaceuticals (e.g., lidocaine, 
heparin) and/or other additives, or their dry forms thereof, to 

30 obtain the desired final concentrations of the desired 

components. Alternatively, the fluorochemical emulsion can be 
equilibrated with aqueous solutions of desired non- 
f luorochemical emulsion components using a process such as 
equilibrium dialysis. , 

(3) Equilibration of the aqueous fluorochemical emulsion 
with a gas mixture having the desired partial pressure of 
oxygen is the last step. This is achieved through the use of a 
silastic membrane oxygenator along with the remaining 



20 



35 



BNSDCCID:<WO__93(K>653A1J > 



WO 93/02653 

14 



PCT/US92/06517 



10 



15 



. „ a i heart preservation apparatus which 
components of a typical heart pr . lower 

include a microporous filter, an upp 
reservoir, and pump. 

4. Clinical use. inV ention have application in 

The emulsions of this invent >, o1 iverv to 

transplantation is on. P pancreas. 
Organs such as the J»art ^ be ' transpla „ted. By providing 
intestine, etc., ar ^ are „ elng 

needed ££T™ «» ^ ° f 

praserved, this inven transplantation. The 

tne organ oan remain viable P»« lon9 _ dist ance transport 

*r;Z lZ2Z^ ot donor and recipient, and 
of organs, better tissue m ilnMt - d orga ns worldwide, 

an overall better utilization of *^»J£» ^ inventio „ 
*-^«t- f linical condition in whj-w 

Another ciini^j- loehemic tissue, 

h as application includes deliver, of = - = ^ 

3 -T^-^r^ulU from hemorrbasic sbocH. 
example, 'stunned J =ord reEUl tin, from 

infarction, etc., or resuscitated using tbe 

traumatic injury ~*£TL. lessening tissue death, 
emulsions described herein, tn rep erfuse organs and 

similarly, this ^"^r^T^hagic shoe,. 

^rcUnrr^Ucalion of this invention is tbe 
aelivery of oxygen to tissu^ . —rl ^ « 
, thrombolytic therapy P" ceau "^ ent the free flow 

atherosclerotic '^^^t^ue damage, "etbods of 
.f blood to tissue and * or of the blood 

revascularisation (i.e., p de taUK „, angioplasty, 

vessel lumen to per.it b ood flow, ^ 

S atherectomy, and . revascularization 

administration, for example. Durlng ia flow is 




WO 93/02653 PCT/US92/06517 

15 

inflation , needed for the procedure. By infusing emulsion 
directly to the tissue during revascularization or during 
administration of thrombolytic agents, oxygen and nutrients can 
be delivered directly to the area which is at risk and tissue. 
5 damage can thus be lessened. 

Another clinical application of this invention is the 
delivery of oxygen and/or nutrients to tissues during surgical 
procedures in which preservation of tissue integrity or 
function is required. During open-heart surgery , for example, 

10 the heart must be metabolically protected so that the tissue 
does not die while the organ is being operated on. Metabolic 
protection is achieved by a process called "cardioplegia" in 
which the heart's metabolic demand is lowered (by cooling the 
organ) and metabolic support (consisting ideally of oxygen, 

15 substrates, and electrolytes) is provided. This invention 

provides a safe vehicle for cooling the heart and transporting 
these metabolic nutrients directly to the heart tissue. 
Similarly, oxygen delivery via transfusion of the emulsion into 
the circulation would be an application of this invention. 

20 The following examples serve to illustrate specific 

embodiments of the present invention but do not limit the scope 
thereof . 

EXAMPLES 

25 EXAMPLE I: METHOD OF ANALYZING THE EGG YOLK PHOSPHOLIPID TO 

DETERMINE PERCENTAGE OF LYSO COMPOUNDS 

All procedures are done under nitrogen and with an 
anti-oxidant added to the solvents. The lipid is extracted 

30 twice, first with chlorof orm/methanol (2/1) and then with 
chlorof orm/methanol (4/1) containing 5% ammonium hydroxide. 
The extract is filtered, the organic solvent removed by 
evaporation, and the sample fractionated on Sephadex G-25 
column using (chlorof orm/methanol (19/1) . 

35 Phospholipid classes are separated using two- 

dimensional thin layer chromatography (First dimension: 
chlorof orm/methanol/28% aqueous ammonia; 65/25/5) Second 
dimension: chloroform/acetone/methanol/acetic acid/water; 
3/4/1/1/0.5), and then quantified using a spectrophotometry 

40 assay for phosphorus after elution and acid digestion of the 
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crated lipids. Phospholipids are identified by comparison 
^dLds" only those phospholipid emulsif iers havxng less 
than about 5 mole percent .lysophosphatidyl compounds are used 
in the examples which foliow. 

PREPARATION OF FUIOROCHEMICAL EMULSION USING THE 

EXAM*" 5 II! ^^SmsPF -TT-TP F°"» g " m ' I - E 1 ' 

A perfluoroperhydrophenanthrene f luorochemical _ 
evasion is mad. using purified egg yol* phospholipid from Kabx 
Pharmacia located in Piscataway, New Jersey. USA with 
M nufa=turing facilities in Clayton. North Carolina, O S. A 

The commercially P«P a " d "P" iS analy " d *° e "T 
has less than shout S mole percent lysophosphatidyl compounds 
by the method described in Example 1. Suitable pure 
xLLchemical. are commercially available from Air Products 
and Chemicals (Allentown, Pennsylvania). The f luoroohem.oal 
ZlTZ is prepared using the microfluidization technique 
described by Schweighardt et al., U.S. Patent 4,895,876. A 
20 6 percent weight/volume eg, yolK phospholipid in water pulsion 
is made and 35 ml of perf luoroperhydrophenanthrene x. added to 
65 ml of the water-lipid emulsion to make 100 mis. The 
Perf luorochemical and phospholipid are combined together usxng 
the method of Example I. 

25 example in: r ^ MPTF or h E&I T^pT EEESBE™ 
The 35 percent (vol/vol) emulsion of the 
perfluoroperhydrophenanthrene ^"^^tlo^Vuguot 
Example II was used to preserve a rat heart. ™ 
30 of the emulsion was equilibrium-dialysed at 4-c ^ 

crystalloid solution containing the follows: 128 mM NaCl. 15 
»m Kd- 0 8 mM cad,; 5.2 mM Mgcl 2 ; 1.2 mM KH 2 P0 4 ; 17 mK 
ZZ li mTglucose; 68 mM mannitol; 0.2 mM lidocaine; 100 
u/1 heUin^odium, which had been equilibrated with *5% 0 2 /5% 
35 Z anHiltered trough a 0.8 micron filter (Millipore, . The 
Salted emulsion was brought to a final volume by adding a 
sux Iclent quantity of the same crystalloid solution to produce 
140 ml of medium containing 10 vol% of perfluoroperhydro- 
phenanthrene. The resulting medium was used as the 
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"Preservation Medium" for a rat heart. The medium contained 
4.5 mole percent lysophospatidyl compounds. 

The heart was surgically removed from a male 479 g 
Sprague-Dawley laboratory rat that was anesthetized under 
pentobarbital sodium anesthesia (63 mg/kg ip) and artificially 
respirated with room air. The heart was immersed in 
crystalloid medium ("Cardioplegia Medium") that had the same 
composition as the Preservation Medium, but without the 
fluorochemical emulsion component. The heart was perfused with 
"Cardioplegia Medium" through its coronary arteries for several 
minutes, gradually cooling the heart to 11»C. The heart was 
then preserved with the 14 0 ml "Preservation Medium" for 12 
hours at 12"C. Preservation was accomplished by recirculating 
the "Preservation Medium" continuously through the coronary 
15 arteries of the heart at a low pressure (18 mm Hg) . The 

"Preservation Medium" was equilibrated with 95% 0 2 /5% co 2 ; the 
PH of the "Preservation Medium" was 7.1, the P0 2 was 614 mm Hg, 
the PC0 2 was 43 mm Hg. The 0 2 and C0 2 contents of the 
emulsions were determined from Pp 2 and PC0 2 values. After 12 
hours of preservation, the contractile, pump, and energetic 
functioning of the heart was tested using an isolated working 
rat heart apparatus. 

An isolated working heart apparatus as described in 
Boyle, W.A. and Segel, L.D. Circulation Research 66:710-721, 
1990, tested the function of control (non-preserved) and 
preserved hearts at 37 "C and with a workload that was the same 
as that experienced by rat hearts in vivo, in brief, the left 
ventricle (LV) was cannulated to obtain LV pressure indices. 
The pulmonary vein ends were cannulated for perfusate inflow to 
the left atrium, left ventricle, with exit via the aorta. 

The results demonstrated that control, fresh hearts 
studied in the apparatus immediately upon removal from rats 
exhibited left ventricular pressure, cardiac output, myocardial 
oxygen consumption, work, and other functional indices that 
35 were the same as those recorded for rat hearts in vivo. More 
specifically, the pressure, coronary flow, and aortic flow rate 
data were obtained on-line and stored using a DEC PDP 11/23 
minicomputer. Power, work, efficiency, and MV02 were computed 
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^ The data indicated 

by the -inicomputer fro* the acquired data. Thed 

Set the ret heart preserve* .or " ^^^ 
f lu oroche*icel ^J^^T^l with standard 
spontaneous ""c in the worKine heart apparatus. 

Krebs-Henseleit buffer at 37 c in Dr . s erved heart 

Th e contractu, an* output P^»~J J^^. bour s the 

preserved heart «^ haarts . Tnu s, the 12- 

r ^ratron^ i « : ^jz- 

* nn« ™m NaCl and 20 mM sodium pyruvate xn place ot 
Z heart was preserved for « hours with 

complete recovery of working function. 

- rrrat:: — r - - 

present invention can he - --^ 

electrolytes ^•••^ ) ^JSl 11 ^ 00 . or non-proteinaceous 

^^^TTt^hu^". hydroxyethylstarch, . 
oncotic agents (..... in) and/or other 

pharmaceuticals (e.g., nooc , t tain the desired 

. • „ th«ir dry forms thereof, to attain tn«= 

, additives, or their dry „ ents . Alternatively, the 

final concentrations of desirea c P solutions of 

£10 orocheeic.l ^-^LZT^^ tin, a process 
d esired nonf iuorochenical e.u ls ,on P ^ ^ ^ 

such as equilibrium d " ly *^™ aving the aesir .d partial 
0 equilibrated ^ , end used to preserve 

pressures (e^. and o 2 delivery to the tissue 

the heart txssue. rres lu0 rochemxcal 
oan he acconpli.hed J ^os, g th.^ar^ ^ ^ 
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For heart or heart-lung preservation, the emulsion is 
administered either by continuous or intermittent perfusion of 
the coronary vascular bed via the aortic root or coronary sinus 
as described in Baldwin, et al. (Annals of Thoracic surgery 
5 43: 670-673, 1987). Briefly, the aorta is cross-clamped and 
500 ml of cold (4°C) emulsion in a cardioplegic solution is 
administered through the aortic root with appropriate venting. 
The lungs can also be cooled and flushed with emulsion. The 
organs are then topically cooled in situ using cold emulsion 
10 immediately before excision. After excision the heart can be 
immersed in and/or perfused with emulsion having the desired 
composition, prior to transplantation. Similarly, if both 
heart and lungs are to be preserved, the lungs are cooled and 
flushed with emulsion and their vasculature perfused with 
15 emulsion. Currently, human hearts can be preserved for a 

maximum of about 4-6 hours, and heart-lung grafts for about 2-4 
hours, in both cases using crystalloid (non-f luorochemical 
emulsion) preservation solutions. 

C. Example of Cardioplegia for Clinical Open-Heart 
20 Surgery: 

The emulsion is administered for arrest and 
protection of the myocardium during cardiac operations. An 
example of this type of procedure is found in Khuri et al. 
(Journal of Thoracic and Cardiovascular Surgery 95: 442-454, 
25 1988) . Briefly, cardiopulmonary bypass is instituted and 

cardioplegia emulsion, at 4°c, is delivered as a bolus of 500 
to 1000 ml into the aortic root after appropriate aortic cross- 
clamping and venting. The emulsion for cardiople gia could 
contain, for example, 2.5% dextrose, 0.45% sodium chloride , 5 
30 mM sodium bicarbonate, and 20 mM potassium chloride, along with 
,-^the f luoro chemical emulsion. The emulsion is equilibrated with 
fvi/S*** . oxygen or oxygen/ carbon dioxide to achieve a high P0 2 (e.g., 

700 mm Hg) . Additional doses of cold emulsion are delivered to 
the left and right coronary ostia, and, in the case of coronary 
35 bypass surgeries, the emulsion is also delivered into the ends 
of the grafts prior to the final anastomoses. The emulsion is 
delivered every 15-20 min in quantities sufficient to maintain 
a cool myocardial temperature (e.g., 8-15°C) . 
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-.«.■!„« is delivered continuously 
Alternatively, the emulsion is deiivere 

Ministration of pulsion. Appropriate v»un^' 
pulsion free the heart i. achieve with 
penary vein or left ventricals ^^.tln, the 
cold elision in .aline "^also ~ -d ^ ^ „ d 
surgical procedure, the aortic cxamy 

atherectomy^ ^ durin , interventional 

pro eedures undertaken to restore ^^^Ir^es 

S^SSTS iv 79 -xv 9 i. «... ts^TL- be 

mitigate during balloon inflation of the * e " U *^ 

— —~ TtratTtr :raC:ir:i7»in ~ 

0 oxygenated emulsion at a rate ° £ The emulsion 

central lumen of the di --ng^l^on ^ 

physiologically co P _ eauilibra ted with oxygen or 

substrates. The emulsion is *V*™> Qf about 

used to H>«^ ^ diractl y into the 

halloon angioplasty procedures, the pulsion of the present 
3S invention would replace Fluosol-DA. 
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WHAT IS CIATMEH TS ; 

1. An aqueous emulsion of a f luorochemical and a 
biologically compatible phospholipid emulsifier producing 
improved preservation of mammalian tissue, the emulsion 
comprising: 

(a) a f luorochemical; and 

(b) a greater than 0.5 percent (wgt/vol) 
biologically compatible phospholipid emulsifier wherein less 
than about 5 mole percent of the phospholipid therein consists 
of lysophosphatidyl compounds. 



2. A f luorochemical emulsion in accordance with 
claim l wherein said f luorochemical is selected from the group 

15 consisting of perf luorohydrocarbons and 
nonperf luorohydrocarbons . 

3. An emulsion of claim l wherein the 

f luorochemical is selected from the group consisting of: 

20 a - fluoroperhydrophenanthrenes having from about l to 

about 24 fluorine atoms, 

b. perfluorodecalin, 

c. perf luoromethyldecalin, 

d. perfluorotrialkylamines, 
25 e. perfluoroctylbromide, and 

f. perf luoromethyladamatane. 

4. A f luorochemical emulsion of claim 2 wherein 
said f luorochemical is perf luoroperhydrophenanthrene . 



5. A f luorochemical emulsion of claim l wherein 
the phospholipid emulsifier contains less than about two mole 
percent lysophosphatidyl compounds. 

35 6. A f luorochemical emulsion of claim l which 

further comprises an aqueous crystalloid solution. 
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7. A fluorochemical emulsion of claim 1 which 
further comprises a proteinaceous oncotic agent. 

8. A fluorochemical emulsion of claim 7 wherein said 
5 proteinaceous oncotic agent is albumin. ^ 

9. An emulsion of claim 1 wherein the tissue is 
cardiac tissue. 

10 . * sethod of preserving »Un tissue using 
fl uorochemi=al pulsions, said sethod comprising contacting the 
tissue with an aqueous esulsion of a f luorochemcal and a 
hiologioauy coupatihle phospholipid enulsifier. the pulsion 

comprising: 

(a) a fluorochemical; and 

(b ) a biologically compatible phospholipid 
emulsif ier wherein less than about 3 mole percent of the 
rosphoUpid therein consists of lysophosphatidyl compounds. 

_ " xx. A method of claim 10 wherein the phospholipid 

emulsif ier contains less than about two mole percent 
lysophosphatidyl compounds. 

12 A method of claim 10 wherein the tissue is 
contacted with the emulsion while the tissue is in situ. 

13 A method of claim 10 wherein the tissue is 
contacted with the emulsion after being removed from the 
mammal • 

14. A method of claim 10 wherein the tissue is 
cardiac tissue. 

15 A method of claim 10 wherein said fluorochemical 
' is selected from the group consisting of perf luorohydrocarbons 
and nonperf luorohydrocarbons. 
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16. A method of claim 10 wherein the f luorochemical 
is selected from the group consisting of: 

a. f luoroperhydrophenanthrenes having from about 1 to 
about 24 fluorine atoms, 

b . per f luorodecal in , 

c . per f luoromethy Ideca lin , 

d. perfluorotrialkylamines, 

e. perf luoroctylbromide, and 

f . perf luoromethy ladamatane . 

17. A method of claim 15 wherein said f luorochemical 
is perf luoroperhydrophenanthrene . 

18. A method of claim 10 wherein the phospholipid 
15 emulsifier contains less than about one mole percent 

lysophosphatidyl compounds. 

19. A method of claim 10 which further comprises a 
proteinaceous oncotic agent. 

20 

20. A method of claim 19 wherein said proteinaceous 
oncotic agent is albumin. 

21. A method of claim 10 wherein the emulsion 
25 further comprises an aqueous crystalloid emulsion. 

22. An aqueous emulsion of a f luorochemical and a 
biologically compatible phospholipid emulsifier producing 
improved preservation of mammalian tissue, the emulsion 

30 comprising: 

(a) a f luorochemical; and 

(b) a biologically compatible phospholipid 
emulsifier wherein less than about 5 mole percent of the 
phospholipid therein consists of lysophosphatidyl compounds 

35 with the proviso that the emulsion is without Pluronic F-68~ 
type surfactant. 
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23 A fluorochemical emulsion in accordance with 

23. a n« . , . epUcted froin the group 

claim 22 wherein said f luorochemical is selected fro 
consisting of perf luorohydrocarbons and 
nonperf luorohydrocarbons . 

24 A fluorochemical emulsion of claim 23 wherein 
said fluorochemical is perf luoroperhydrophenanthrene. 

25 A fluorochemical emulsion of claim 22 wherein 
the phospholipid emulsifier contains less than ahout two mole 
percent lysophosphatidyl compounds. 

26 A fluorochemical emulsion of claim 22 which 
further includes an aqueous crystalloid solution. 



27 a method of preserving mammalian tissue using 
f 1U orochemTcal emulsions, said method comprising contacting the 
Tissue with an agueous emulsion of a ^£^ZZm»» 
biologically compatible phospholipid emulsifier, the 

2 0 comprising : 

(a) a fluorochemical; and 

(b ) a biologically compatible phospholipid 

type surfactant • 

28 A method of claim 27 wherein the phospholipid 
emulsifier contains less then ahout two mole percent 

30 lysophosphatidyl compounds. 

29 A method of claim 27 wherein the tissue is 
contacted wit* the emulsion while the tissue is in sxtu. 

30. A method of claim 27 wherein the tissue is 
cardiac tissue. 
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31. A method of claim 27 wherein said f luorochemical 
is selected from the group consisting of perf luorohydrocarbons 
and nonperf luorohydrocarbons. 
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